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TANG eT Al. progression and lack of specific biomarker, CCA is often diagnosed at an advanced stage when patients have missed the opportunity for effective surgical treatment. 1, 3 Thus, seeking key molecules in the progression of CCA is of great importance for the diagnosis, treatment and prognosis of CCA.
LncRNA (long noncoding RNA) is a type of transcript that is longer than 200 nt and has no ability to code protein. Initially, noncoding RNAs (ncRNAs) were considered to be transcriptional noise of genes as a result of their inability to encode proteins. Genome-plan research shows that, among the 3 billion base pairs that make up the human genome, only 1.5% of nucleic acid sequences are used for protein coding, which means the other 98.5% has no protein-coding function. 4 In recent years, growing evidence has suggested that lncRNAs participate in a series of physiological and pathological activities (including species evolution, embryonic development etc.) by regulating gene expression at epigenetic, transcriptional and post-transcriptional levels. 5 Meanwhile, differentially expressed lncRNAs have been found to play an important role in cancer by taking part in generation, proliferation, apoptosis and other biological processes of cancer cells. 6 For example, investigation has shown that B3GALT5-AS1 repressed miR-203 expression, thereby upregulating ZEB2 and SNAI2, and inducing epithelial-to-mesenchymal transition in colon cancer. 7 However, there is still little knowledge about lncRNAs in CCA as a result of unavailability of CCA tissues. Our previous studies on CCA bile-derived exosomes
showed that the dysregulated lncRNAs may serve as molecular markers for the diagnosis of CCA. 8 
| MATERIAL S AND ME THODS

| Clinical samples
Cholangiocarcinoma and adjacent tissues (n = 33) were obtained by surgical operations from the Second Affiliated Hospital of Nanjing Medical University from June 2014 to April 2018. This study was approved by the Second Affiliated Hospital of Nanjing Medical University Review Board. All patients provided signed informed consent. All tissues were taken and rapidly placed in liquid nitrogen. All clinical experiments were approved by the research ethics committee of Nanjing Medical University (Nanjing, Jiangsu, China). containing 10% FBS (ScienCell), 100 mg/mL streptomycin, and 100 U/mL penicillin in a cell incubator (37°C, 5% CO 2 ). When the cell confluence reached 80%-90%, the cells were digested by trypsinase for passage.
| Cell culture
| RNA extraction and qRT-PCR
RNA was extracted according to protocols in the specifications. The reverse transcription reaction was conducted using PrimeScript RT reagent Kit with gDNA Eraser (RR047A; Takara, Dalian, China) as follows: 42°C for 2 minutes after preparing the first 10 μL system to erase gDNA, and 85°C for 5 minutes after preparing 10 μL Master Mix and mixing with the first 10 μL of the mixture to perform reverse transcription reaction. The obtained cDNA was subjected to PCR amplification under the following conditions: 95°C for 5 seconds and 60°C for 34 seconds for a total of 40 cycles. GAPDH was selected as reference gene and the 2 −ΔΔC t method was used to calculate the relative expression. Primers used are listed in Appendix S1.
| Transfection
HCCC-9810 and RBE cells were seeded in 6-well plates at a density of approximately 1:36 per well when cell confluence in 10-cm culture dishes was up to 70%-80%. When the cell confluency of 6-well
plates was approximately 60%, siRNAs (or miRNA mimics/pc-DNA)
were transfected into cells using Lipofectamine 3000 (ThermoFisher Scientific, Waltham, MA, USA) according to the product instructions. All the mentioned sequences are listed in Appendix S1. were added to the blank controls. 
| Determination of cell viability
| Determination of apoptosis
| MicroRNA sequencing and analysis
Further miRNA sequencing was carried out by Beijing Genomics Institute (BGI) using the Illumina Genome Analyzer. The specific procedure is as follows: 18-30 nt sRNA fragments were isolated and then ligated to a 5′ adaptor and a 3′ adaptor. The ligated product was used as a template for cDNA synthesis in PCR amplification, and the amplified product was used for the library for cluster generation and sequencing.
Based on the assumption that RNA sequencing is a random process and each sequence is uniformly random from the respective sample, we can account that the expression of each gene (transcript)
obeys a binomial distribution (or Poisson distribution). Using the above model, DEGseq 10 calculates differential expression based on MA-plot. 11 The P-value of each gene is reused. Q-value performs multiple hypothesis tests and corrections, and is considered to be a significant differentially expressed gene when the coincidence difference is two times or more and the Q-value value is ≤0.001.
| Gene ontology analysis
Gene ontology (GO) analysis first mapped all target genes corre- 
| Pathway analysis
Kyoto Encyclopedia of Genes and Genomes (KEGG) is the main public database for Pathway. The pathway significance enrichment analysis uses the KEGG Pathway as a unit and applies hypergeometric tests to identify significant differences in target genes that differentially express small RNAs compared to the entire genomic background. Pathways with Q-value ≤.05 are defined as Pathways that are significantly enriched in differentially expressed genes.
| Statistical analysis
SPSS 22.0 statistical software was used for data analysis. GraphPad Prism 6.0 and Excel were used for image editing. Comparison of measured data was done using paired t test. Classification data were compared using chi-squared test. All patients were divided into RMRP-high group and RMRP-low group according to the level of RMRP expression (demarcated by the median of RMRP expression).
Survival curves were evaluated using the Kaplan-Meier method, and differences in survival distributions were assessed by the logrank test. P < .05 was considered statistically significant (*P < .05, **P < .01, ***P < .001).
| RE SULTS
| High expression of RMRP was observed in CCA tissues and cell lines
Our previous study showed differentially expressed lncRNAs in exosomes derived from bile of CCA patients. 8 To investigate In both cholangiocarcinoma cell lines, (B) CCK-8 assay was used to determine the cell viability of si-RMRP (si-03, si-07) group and si-control group. C, Colony numbers of control group were significantly greater than those of si-RMRP group. D, Transwell assay was used to compare the migration ability between control group and RMRP knockdown group. E, Apoptosis rate was higher after RMRP was silenced compared to control group. F, Flow cytometry assay was used to analyze the cell cycle, and cell cycle was blocked in G0/G1 phase after RMRP was knocked down. Representative data based are on three independent experiments. Bars, ±SD. *P < .05, **P < .01, ***P < .001. si-NC, siRNA/negative control | 2171
in Figure 2C , the ability of individual CCA cells to form clones was significantly reduced when si-RMRP was transfected into HCCC-9810 and RBE. Transwell assay suggested that lower RMRP expression in CCA cells corresponded to poorer cell migration capacity ( Figure 2D ).
In order to further determine the reasons for the decreased viability of cell lines after RMRP knockdown, we determined cell cycle and apoptosis studies using flow cytometry. Apoptosis analysis showed that si-RMRP transfection increased the cell apoptosis rate in both cell lines ( Figure 2E ). Moreover, HCCC-9810 and RBE were arrested in the G0/G1 phase after RMRP was knocked down ( Figure 2F ). In addition, we transfected RMRP plasmids into normal bile duct epithelial cell line HIBEpiC with low RMRP expression ( Figure S1A ). Cell viability increased ( Figure S1B ) and enhanced capability of colony formation was observed ( Figure S1C ) in HIBEpiC after RMRP overexpression. The above results showed that inhibition of RMRP expression suppressed the characteristics of CCA cell lines.
| Knockdown of RMRP inhibited CCA tumorigenesis in vivo
To prove the oncogenic effect of RMRP in CCA more comprehensively, we carried out tumorigenic experiments in nude mice. Similar to our in vitro findings, the volume and the weight of HCCC-9810 xenografts were less than in the control group when RMRP was knocked down ( Figure 3A,C) . In addition, we plotted the growth curve of the tumor by recording the length and width of the tumor in nude mice every other day. As shown in Figure 3B , the growth rate of tumors in the RMRP knockdown group was significantly lower than that in the control group. Subsequently, we measured the expression of RMRP in the extracted tumors. qRT-PCR results confirmed that RMRP expression was lower in the xenografts originating from the sh-RMRP HCCC-9810 cell line ( Figure 3D ). Furthermore, immunohistochemistry (IHC) results showed that, compared to the control group, Ki-67-positivity rate of tumor cells was significantly lower in the sh-RMRP group ( Figure 3E ).
All of the cellular and animal experiments demonstrated that RMRP
acts as an oncogene in CCA.
| MicroRNA expression profile after RMRP knockdown
As another member of noncoding RNA, miRNA is approximately 22 nucleotides in length. Studies have shown that miRNAs participate in post-transcriptional gene expression regulation by acting on mRNAs of their target gene in diseases. 12 LncRNAs can participate in the regulation of miRNA expression through the apparent regulation of miRNA gene promoter regions or the regulation of endonucleases involved in miRNA maturation. 13 The above data suggest that RMRP is overexpressed in CCA tissues and cell lines and is related to the characteristics of CCA cell lines. Accordingly, second-generation sequencing of miRNA in the HCCC-9810 cell line was carried out after RMRP knockdown (Table S1- Tables 1 and 2 and shown by a heatmap ( Figure 4A ). Images of H&E staining and Ki-67-positive cell rate, which were carried out using the removed tumors. Representative data are based on three independent experiments. Bars, ±SD. *P < .05, **P < .01, ***P < .001
F I G U R E 3
The GO functional significance enrichment analysis gives a significantly enriched GO function entry in the target genes corresponding to the differentially expressed small RNA compared to the genomic background. The top 10 GO function terms of three ontologies, respectively, describing molecular function, biological processes and cellular components are listed in Tables 3-5. The processes with most significance in three ontologies were organ development structural molecular activity, organ development and extracellular region severally. Analysis of significant enrichment of GO is shown in Figure 5A . In vivo, different genes coordinate their biological functions, and Pathway-based analysis helps to further understand the biological functions of genes. We carried out Pathway enrichment analysis of differential genes using the KEGG public database. 14 We analyzed the enrichment path of differential genes by two evaluation methods. One analysis was directly through the Q-value. The closer the Q-value is to 0, the more pronounced the enrichment. The top 10 pathway entries for enrichment evaluated by Q-value are shown in Figure 5B and Table 6 . Pathways with most significance were systemic lupus erythematosus, ribosome and signaling pathways regulating pluripotency of stem cells according to the Q-value. Another type of analysis was carried out by using RichFactor, which refers to the ratio of the number of genes located in the pathway entry of the target gene for differential small RNAs to the total number of genes located in the pathway entry for all annotated genes ( Figure 5C ). The larger the RichFactor, the more enriched the target gene of the differential gene in this pathway.
| RNA component of mitochondrial RNA processing endoribonuclease promoted colony formation of HCCC-9810 partly by repressing miR-217
The GO and KEGG analysis suggested that the biological processes with high correlation of miRNA expression profile changes caused by RMRP knockdown may be related to stem cell characteristics of CCA cells. We selected a miRNA from the above sequencing results for some subsequent experiments.
qRT-PCR results showed that the expression of miR-217 was negatively correlated with the expression of RMRP ( Figure 6B ), which was consistent with the above sequencing results. by Kaplan-Meier curve analysis and log-rank test ( Figure 7C ).
Additionally, expression of RMRP was negatively correlated to that of miR-217 by qRT-PCR ( Figure 7D ). In general, RMRP plays 
| D ISCUSS I ON
Long non-coding RNAs have a broad tissue expression profile. The abundance of lncRNAs is generally lower than that of protein-coding mRNAs. In addition, the sequence conservation of lncRNAs is lower than that of other non-coding RNAs and is <70% in humans. 17 Even so, studies have found that lower sequence conservation does not limit the function of long non-coding RNAs. As cancer is a major cause of mortality in humans, the study of lncRNAs in cancer has been given full attention. 18, 19 The role of some lncRNAs has been Sequencing results showed that the miRNA expression profile varied with RMRP expression, among which there were well-investigated miR-33a, 23 miR-186, 24 miR-17 25 and miR-155. 26 GO and KEGG analysis of the altered microRNA expression profile showed that these altered miRNAs, as a whole, point to a variety of important function pathways. Among them, three pathways had the most significant changes, suggesting that they may be the most important pathways caused by RMRP-induced miRNA F I G U R E 5 Analysis of the differentially expressed genes. A, Gene ontology (GO) analysis of the differentially expressed genes. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of the differentially expressed genes presented by (B) P-value and (C) RichFactor (RichFactor refers to the ratio of the number of genes in the pathway entry of the differential small RNA to the total number of genes in the pathway entry in all the annotated genes. The larger the RichFactor, the greater the degree of enrichment.) profile changes. Among the three pathways, one referred to metabolism of stem cells, which corresponds to the previous study that found that RMRP allows cancer cells to infinitely proliferate through interaction with TERT. 27 Moreover, cancer stem cell-related markers such as Bmi1 and CD24 were found to be subsequently decreased after RMRP knockdown, but CD44 expression remained the same. However, subcellular localization of CD44
was not investigated and in-depth future research is needed.
We selected one of the 10 upregulated miRNAs randomly and validated the differential expression of miR-217. Moreover, we conducted a series of assays which suggested that RMRP can promote oncogenic characteristics by partly repressing miR-217.
miRNA-217 has previously been reported to play an anticancer role in gastrointestinal tumors such as pancreatic cancer 28 and hepatocellular carcinoma, 29 but the specific mechanism is still unclear. Further experiments are needed to determine the mechanism of miR-217 functions.
In summary, we have discovered that RMRP is highly expressed in CCA and that RMRP can affect a series of cancer cell biological functions in vitro and in vivo. In addition, we also sequenced the downstream miRNA profiles of RMRP and found that RMRP can act as an oncogene partly by regulating miR-217. The present study may provide new ideas for the diagnosis and treatment of CCA, but further investigation of RMRP is needed. assay was used to detect cell viability. E, Colony assay was used to determine the ability of colony formation. Representative data are based on three independent experiments. Bars, ±SD. *P < .05, **P < .01, ***P < .001
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